Memory and cognition impairments resultant of ischemic stroke could be minimized or avoided by antioxidant supplementation. In this regard, the neuroprotective potential of Green tea from Camellia sinensis has been investigated. However, there is a lack of information regarding the neuroprotective potential of others teas processed from the Camellia sinensis. Here we investigate the neuroprotective role of green, red, white and black tea on memory deficits and brain oxidative stress in a model of ischemic stroke in rats. Our findings show that green and red teas prevent deficits in object and social recognition memories, but only green tea protects against deficits in spatial memory and avoids hippocampal oxidative status and intense necrosis and others alterations in the brain tissue. In summary, green tea shows better neuroprotection in ischemic stroke than the others teas from Camellia sinensis.
Introduction
Ischemic stroke events limit blood flow and oxygen availability to the brain (Chomova and Zitnanova, 2016) , which result in significant impairments in locomotion, communication, cognition and memory, depending on the area affected (Huijben-Schoenmakers et al., 2016) . During reperfusion, when blood flow is reestablished, neutrophils influx and increase in reactive oxygen species (ROS) might cause permanent brain damages (Chomova and Zitnanova, 2016; Li et al., 2015) . Memory deficits are commonly observed after events of ischemic stroke (Schaapsmeerders et al., 2015; Schimidt et al., 2014) most likely resulting of damages in the hippocampus, the main structure related to learning and memory (Izquierdo and Medina, 1997) .
Antioxidants from natural products can slow down or reverse damages caused by an excessive production of ROS (Flores et al., 2014; Virmani et al., 2013) . Camellia sinensis (Family: Theaceae; Genus: Camellia; Species: sinensis) provides popular types of tea that have been discussed as a potential sources of neuroprotection due to the presence of catechins (Flores et al., 2014; Legeay et al., 2015; Schimidt et al., 2014; Wu et al., 2012) . Green tea contains (-)-epigallocatechin-3-gallate, which represents approximately 59% of its total catechins content, (-)-epigallocatechin, (-)-epicatechin-3-gallate (13.6%), and, (-)-epicatechin (6.4%) (McKay and Blumberg, 2002) . However, the different catechins contents in the teas from Camellia Sinensis may not ensure similar neuroprotection among them.
Therefore, neuroprotection potential may differ between the teas from Camellia sinensis due to differences in processing methods that affect the content of polyphenols (Soares et al., 2013) . Here we set out to determine the neuroprotective potential of different teas from Camellia sinensis for prevention of memory deficits and hippocampal oxidative and morphological damages in a model of ischemia-reperfusion in rats.
Material and methods

Animals and experimental design
Male Wistar rats (250e300 g, 3 months-old) were obtained from the Reproduction Center of the central vivarium from Federal University of Santa Maria (RS/Brazil) and housed four per cage, in open-top cages, at a temperature of 22 ± 1 C and 12 h light-dark cycle with water and food ad libidum, according the guidelines from the Institutional Animal Care and Use Committee of the Local Institution.
Considering our experimental design, experiments were performed in two blocks including half of the animals in each block. In both blocks of experiments the white, green, red and black teas, or distilled water, were administrated by gavage during 10 days before ischemic stroke or sham surgeries in rats allocated to the groups (n ¼ 8e12/group/block):
Sham: rats received distilled water before sham surgery; Ischemic stroke group: rats received distilled water before ischemia-reperfusion surgery; White tea ischemic stroke: rats received white tea before the ischemia-reperfusion surgery; Green tea ischemic stroke: rats received green tea before ischemia-reperfusion surgery; Red tea ischemic stroke: rats received red tea before ischemiareperfusion surgery; Black tea ischemic stroke: rats received black tea before ischemia-reperfusion surgery.
Considering the time required to perform the experiments, and the total number of rats, in each group, treatment started with half of the animals, and, 10 days later, with the other half.
In the first block of experiments, memory and control behavioral tests were completed after surgery recovery, following a sequential order: Afterwards, rats were euthanized and brain tissue was prepared for biochemical essays to determine reactive oxygen species levels (ROS), thiobarbituric acid reactive substances (TBARS) and antioxidant capacity by ferric reducing ability (FRAP).
In the second block of experiments, memory and control behavioral tests were completed after surgery recovery, following a sequential order:
Day 1: considered for surgery recover; Day 2: Control behavioral tests (Hot plate and Open Field); Day 3e13: Morris water maze test.
Afterwards, rats were euthanized and brain tissue was prepared for histological analyses. An illustrative experimental design is depicted in Fig. 1. 
Tea supplementation
White, green, red and black teas were purchased from a local supplier (Madrugada Alimentos Ltda., Venâncio Aires, RS, Brazil), prepared daily using distilled water (95e100 C), and administrated by gavage (400 mg/kg/ml/day (Wu et al., 2012) ) at room temperature. For tea preparation, water was boiled and then kept at rest until temperature was 90 C. Afterwards, the tea was weighted and an infusion was muffled for 3 min and allowed to rest. Finally, tea was filtered using filter paper in a container immersed in ice. The presence of epigallocatechin (EGC), epicatechin (EC), epigallocatechin gallate (EGCG) and epicatechin gallate (ECG) in the samples of tea was determined by high-performance liquid chromatography (HPLC system YL9100, Young Lin, with diode array detector) (Table 1) .
Surgeries
Before surgeries, rats were anesthetized with ketamine and xylazine, 75 mg/kg and 10 mg/kg i.p., respectively. In ischemiareperfusion animals the common carotid arteries were exposed bilaterally, carefully separated, and occluded during 30 min using a vascular clip (Collino et al., 2006) . Sham surgery followed the same steps, but rats did not have the carotid occluded. During all the procedures body temperature was maintained at 37.5 ± 0.5 C using a heating pad. After surgery, animals had one day to recovery, as described elsewhere .
Control behavioral tests
The control behavioral tests were performed on the second day after surgery by two experimenters blinded to treatment. The scores were recorded live and checked later, if necessary. Open field test ensure the preservation of exploratory and locomotor activities after surgery. Each rat was placed in the left quadrant of a 50 Â 50 Â 39 cm open field arena made with wood, and with a frontal glass wall. Black lines were drawn to divide the floor in 12 quadrants. Crossing and rearing were considered as measures for locomotor and exploratory activities, respectively, over 5 min (Bonini et al., 2006) . Pain sensibility was evaluated using a hot plate with the animal placed on a metal plate heated to 55 C and surrounded by a glass cylinder (13 Â 17 cm). The latency (in seconds) of the hind paw licking or jumping was measured (Zhang et al., 2016) . A cut-off time of 45 s was considered.
2.5. Memory assessment 2.5.1. Object recognition memory
The object recognition (OR) task conducted by two trained experimenters blinded to treatment initiated on the third day after surgery. The experimenters recorded the scores live. Training and test in OR were performed in an open-field arena (50 Â 50 Â 50 cm) built in polyvinyl chloride plastic, plywood and transparent acrylic. Habituation to the apparatus was previously conducted during 20 min in 4 consecutive days. Afterwards, a training session was conducted with two different objects (A and B) previously tested to ensure no preference among the animals. Objects were made of metal, glass, or glazed ceramic with size about 10 cm, and fixed to the apparatus floor using adhesive tape. Rats were allowed to freely explore them during 5 min. Exploration was defined as sniffing or touching the objects with the nose and/or forepaws. Sitting on or turning around the objects were not considered exploratory behaviors. After 24 h, in test phase, one of the objects was replaced by a new one (C), and the rats were reintroduced into the apparatus to freely explore the objects (familiar and new one) during 5 min. To avoid confounds by lingering olfactory stimuli and preferences, the objects and the arena were cleaned with 70% ethanol after each animal was tested (adapted from Bonini et al. (2006) ). The discrimination index was determined by the difference of time spent exploring the new (Tnovel) and the familiar (Tfamiliar) objects: [(Tnovel -Tfamiliar)/(Tnovel þ Tfamiliar) x 100 (%)], and used as a memory parameter.
Social recognition memory
The social recognition (SR) task was performed on days 9 and 10 after surgery by two trained experimenters blinded to treatment. The experiments recorded the scores live. The test was performed using the same apparatus of OR, so, the rats were previously habituated to the arena. In the following day of OR test, SR training was performed with inclusion of one unfamiliar rat in the arena for 1 h of free exploration. The unfamiliar rat was placed in a small cylinder with small holes, and another empty cylinder was also placed in the arena. After 24 h, testing was performed when the same rat of training (now a familiar rat) and a new rat were placed for exploration during 5 min; again, both in small cylinders. The time spent exploring the new and the familiar rat was recorded. Exploration was defined as sniffing or touching the cylinders with the nose and/or forepaws (adapted from Schmidt et al. (2015) ). The discrimination index was determined by the difference of time spent exploring the new (Tnovel) and the familiar (Tfamiliar) rats: [(Tnovel -Tfamiliar)/(Tnovel þ Tfamiliar) x 100 (%)], and used as a memory parameter.
Spatial memory
Spatial memory was assessed using the Morris water maze (MWM) approach following the protocol described elsewhere . The MWM task initiated on the second day after surgery, and was conducted by two trained experiments blinded to treatment. The scores were determined from recorded videos using automated software. The water maze was a black circular pool (180 cm in diameter) conceptually divided into four equal imaginary quadrants. The water temperature was maintained between 21 C and 23 C. Two centimeters below the water surface (hidden to the rat's view) there was a black circular platform (12 cm in diameter) with rough surface, which allowed the rats to climb onto it once detected. When rats were placed in the water, the swimming path was recorded using a video camera mounted above the center of the pool and analyzed using a video tracking system. The water maze was located in a white room with posters and other visual stimuli hanging on the walls to provide spatial cues. Training was completed during 5 successive days. In each day, the rats were submitted to eight consecutive training trials, with the hidden platform always at the same position. A different starting location was used for each trial, which consisted of a swim followed by a 30 s platform sit. When rats did not find the platform within 60 s, the experimenter guided them. Memory retention was evaluated in a 60 s probe trial carried out in the absence of the platform 1 day and 5 days after the last training session. In each probe test rats were placed in the maze without the platform for 60 s. The time spent in the target quadrant where the platform was during training, the latency for the first crossing in the target quadrant, and the total number of crossings in the target quadrant were determined.
Biochemical testing
All reagents were purchased from Sigma-Aldrich Brazil Ltda. Rats were euthanized 24 h after the behavioral experiments and brain tissue was removed. Bilateral hippocampus was quickly dissected out and homogenized in 50 mM Tris HCl, pH 7.4, (1/5 or 1/ 10, w/v). Afterwards, samples were centrifuged at 2400 g for 20 min, and supernatants (S1) were used for assay.
Reactive oxygen species
Reactive oxygen species (ROS) content was determined by a spectrofluorimetric method using 2 0 ,7 0 -dichlorofluorescein diacetate (DCFH-DA) as a probe (Loetchutinat et al., 2005) . The sample (S1) was incubated in darkness with 5 mL DCFH-DA (1 mM) and each sample was analyzed in triplicate. The oxidation of DCHF-DA to fluorescent dichlorofluorescein (DCF) was measured for the detection of intracellular ROS. The formation of the oxidized fluorescent derivative (DCF), measured by DCF fluorescence intensity was recorded at 520 nm (480 nm excitation), 30 min after the addition of DCFH-DA.
Detection of TBARS level
Lipoperoxidation was evaluated by the thiobarbituric acid reactive substance (TBARS) test (Ohkawa et al., 1979) . One aliquot of S1 was incubated with a 0.8% thiobarbituric acid solution, acetic Fig. 1 . Experimental design. From ten days before surgery rats were supplemented with white, green, red or black tea, or received water. Afterwards they were submitted to a brain ischemic-reperfusion surgery or sham surgery. Behavioral assessment started 24 h after surgery; after control behavioral tests (OF and HP), one group of animals was tested in OR and SR tasks; other on MWM. Euthanasia occurred after the behavioral tests. Biochemical and/or histological analyses were the last step of the study. OF -open field; HP -hot plate; OR e object recognition memory test; SR -social recognition memory test; WM -Morris Water Maze Test. acid buffer (pH 3.2) and sodium dodecyl sulfate solution (8%) at 95 C for 2 h, and the color reaction was measured at 532 nm. Each sample was analyzed in triplicate.
Ferric reducing/antioxidant power (FRAP) assay
Working FRAP reagent was prepared by mixing 25 ml acetate buffer, 2.5 ml TPTZ solution, and 2.5 ml FeCl3$6H2O solution. 10 ??L of homogenate was added in the 300 ??L working FRAP reagent in a microplate (Benzie and Strain, 1996) . A standard curve with 10 ??L trolox (concentrations of 15, 30, 60, 120 e 240 mM) and 300 ??L working FRAP reagent was used. The microplate was incubated at 37 C for 15 min before reading in SpectraMax M5 Microplate Reader at 593 nm. Each sample was analyzed in triplicate.
Brain histology
Brains were weighing and fixed in 10% formaldehyde for 72 h. Brains were further sectioned using a microtome and stained with hematoxylin-eosin. Tissue was studied under an optical microscope (Olympus CX21) to determine the morphometric parameters under 40x magnification.
Statistical analysis
Data were checked for normality of distribution using ShapiroWilk test. Behavioral data are presented as mean ± standard error of the mean (SEM). Open field and hot plate data from all groups were compared using one-way ANOVA or Kruskall-Wallis, according to the data distribution. Object recognition and social recognition memory indexes were compared between the groups by a oneway ANOVA. Two-way ANOVA was used to determine day and treatment effects and interaction for learning over the 5 days of training in MWM. When a main effect was observed, between days and between treatments, comparisons were performed by one-way ANOVA followed by Tukey post hoc when suitable. Furthermore, each groups' percent of time spent in the target quadrant was compared to a theoretical mean of 25% by one-sample t-test, to determine learning among the groups. Biochemical data were analyzed by Kruskall-Wallis with Dunn's post hoc to compare all groups. Significance level was set at 0.05 for all analyses.
Results
Locomotor and exploratory behaviors, pain sensibility, and latency in hot plate test were not influenced by the procedures (Table 2) .
Object recognition memory
Object discrimination index differed between the groups (F (5,45) ¼ 6.10; P < 0.001; Fig. 2) . Ischemic group showed a lower discrimination index for novel object compared to sham (P < 0.001, Fig. 2 ). Importantly, all teas avoided memory deficits (P < 0.001, Fig. 2 ).
Social recognition memory
Social discrimination index differed between the groups (F (5,45) ¼ 5.020; P < 0.001; Fig. 3) . Ischemic group showed a decrease in discrimination index for social recognition compared to sham group (P < 0.001, Fig. 2 ). All teas avoided memory deficits (P < 0.05, Fig. 3 ).
Spatial memory
In MWM training, latency to find the platform showed a main effect for day (F (4 260) ¼ 24.53; P < 0.0001) and treatment (F (5 260) ¼ 37.33; P < 0.0001), without significant interaction between the factors (F (20,260) ¼ 1.27; P ¼ 0.19). Between days comparison revealed that ischemia impaired spatial learning (F (4,40) ¼ 0.91; P ¼ 0.46; Fig. 4A /Ischemia), which was avoided by tea supplementation (F ¼ 23.92 (4,45) ; P < 0.0001 for white tea; F (4,45) ¼ 10.79; P < 0.0001 for green tea; F ¼ 3.16 (4, 45) ; P ¼ 0.02 for red tea; F (4,40) ¼ 20.66; P < 0.001 for black tea Fig. 4A ). Groups did not differ on day one (F (5,52) ¼ 2.04; P ¼ 0.08) while in the other days the ischemia group differed of the tea-supplemented groups on day two (F (5,52) ¼ 2.83; P < 0.001), three (F (5,52) ¼ 9.50; P < 0.001), four (F (5,52) ¼ 10.52; P < 0.001) and five (F (5,52) ¼ 29.94; P < 0.001). Table 2 Results from control behavioral tasks. Supplementation with different teas and cerebral surgery (sham or ischemia) did not affect total exploration time in object recognition (OR) and social recognition (SR) task. Exploratory and locomotor activities in open field and pain threshold in hot plate remained unchanged. Data are expressed as mean ± SEM of the total exploration time in OR and SR, number of crossing and rearing (open field) and latency time (hot plate). There were no differences between the groups (n ¼ 12, P > 0.05, one-way ANOVA or Kruskall-Wallis, according to data distribution). In test phase, considering the number of crossings, a main effect for the treatment was observed on day 1 (F (5,52) ¼ 4.22; P ¼ 0.002) and day 5 test (F (5,49) ¼ 4.28; P ¼ 0.002) (Fig. 4B) . Ischemic rats achieved lower crossings in the place where the platform was during the training days compared to the sham in the day 1 test (P ¼ 0.001) and day 5 test (P ¼ 0.002) (Fig. 4B) . Only green tea supplemented rats preserved the number of crossings (P < 0.001 for day 1 test; P ¼ 0.012 day 5 test, Fig. 4B ).
Control Behavioral Tests
Additionally, a main effect for the treatment was observed in latencies to find the platform on test day 1 (test day 1; F (5,51) ¼ 3.09; P ¼ 0.01; Fig. 4C ) and the 5 days test (test day 5; F (5,49) ¼ 1.94; P ¼ 0.01; Fig. 4C ). The latencies were longer in ischemic group than in sham group in both the days (P ¼ 0.01; Fig. 4C ). Green tea supplementation prevents the increase of the latency time on test day 1 (P ¼ 0.030; Fig. 4C ) and on test day 5 (P ¼ 0.02; Fig. 4C) .
A main effect for treatment was observed for the time spent in the target quadrant on test day 1 (F (5,51) ¼ 3.18; P ¼ 0.01; Fig. 4D ) and test day 5 (F (5,52) ¼ 3.73; P ¼ 0.005; Fig. 4D ). The time in the target quadrant decreased in ischemic rats compared to sham (P < 0.01). Only green tea preserved the time spent in the target quadrant (P < 0.001). On test day 1, the control group and the ischemic groups treated with green and red teas spent more than 25% of the total time in the target quadrant demonstrating a learning effect (t (9) ¼ 4.98; P ¼ 0.001 for control; t (9) ¼ 6.05; P ¼ 0.0002 for green tea; t (8) ¼ 2.99; P ¼ 0.01 for black tea). On the test day 5, only the control group and the rats treated with green tea spent significantly more than 25% in the target quadrant (t (9) ¼ 5.37; P ¼ 0.0004 for control group; t (9) ¼ 3.77; P ¼ 0.004 for green tea). It is important to highlight that there were no differences between groups regarding swimming speed, considering data from test days (F (5,52) ¼ 0.122; P ¼ 0.986).
Hippocampal oxidative stress
ROS levels showed a main effect for the treatment (H (5) ¼ 16.67; P ¼ 0.05; Fig. 5A ). Ischemic rats showed higher ROS levels than sham (P ¼ 0.001; Fig. 5A ). Green and red tea avoided increase in ROS levels (P ¼ 0.004 and P ¼ 0.02, respectively; Fig. 5A ); white and black teas did not (P ¼ 0.42 and P ¼ 0.10, respectively; Fig. 5A ).
Lipid peroxidation determined by TBARS showed a main effect for the treatment (H (5) ¼ 19.37; P ¼ 0.001; Fig. 5B ). Ischemic rats increased lipid peroxidation in comparison to sham (P ¼ 0.01, Fig. 5B ). Ischemic rats supplemented with green tea did not increase lipid peroxidation (P ¼ 0.02; Fig. 5B ). White, red and black teas did not avoid increase in lipid peroxidation (P ¼ 0.13; P ¼ 0.20; and P ¼ 0.05, respectively; Fig. 5B ). FRAP also showed a main effect for the treatment (H (5) ¼ 16.52; P ¼ 0.005; Fig. 5C ). Ischemic rats showed reduced antioxidant capacity as measured by FRAP in comparison to sham (P ¼ 0.001; Fig. 5C ). Green tea avoided reduction of the antioxidant capacity in ischemic rats (P ¼ 0.02; Fig. 5C ), while white, red and black teas did not (P ¼ 0.25; P ¼ 0.66; and P ¼ 0.83, respectively; Fig. 5C ).
Histological results
Sham rats presented minor morphological alterations (perivascular necrosis and hyperemia) related to sham surgery procedure. Ischemic rats revealed, in addition, vascular hypertrophy, intense and diffuse necrosis with multiple vacuolations, diffuse protein exudation with karyorrhexis of oligodendrocytes and astrocytes and hypertrophic and vacuolated neurons. In supplemented groups, green tea group showed histological sections more similar to sham group (see supplementary material).
Discussion
Here we determined the neuroprotective potential of different teas from Camellia sinensis in rats submitted to brain ischemiareperfusion. Our main finding is that green tea shows a better neuroprotective role than others teas from Camellia sinensis. Green and red teas prevent deficits in object and social recognition memories, but only green tea also protects against deficits in spatial memory and hippocampal oxidative damage.
Ischemic stroke rats presented memory deficits and oxidative damage in the hippocampus. Ischemic stroke has been associated with impaired cognitive function, including learning and memory deficits (Huijben-Schoenmakers et al., 2016) . Oxidative stress is one of the mechanisms associated with these deficits (Collino et al., 2006) . It explains the interest in strategies to increase antioxidant capacity or prevent oxidative stress and damage as an alternative for prevention (Assuncao et al., 2011; Nabavi et al., 2014) . Recently, we demonstrated that long-term supplementation with green tea protects recognition and aversive memory deficits resultant of ischemic stroke .
Neuroprotective effects of white, green and red teas were evident in object and social recognition memory. However, spatial memory was preserved only in rats supplemented with green tea. Prevention of memory deficits by green tea supplementation is in line with the concept that oxidative damage in the hippocampus leads to cognitive deficits . We observed that green tea avoids increase in both ROS and TBARS levels in the hippocampus of ischemic rats, which was not observed for other teas. Furthermore, green tea preserved antioxidant capacity (FRAP results) similar to sham rats, as well as the morphological parameters. A plausible explanation can be the higher content of catechins in green tea compared to the other teas (Banerjee and Chatterjee, 2015; Sadowska-Rociek et al., 2014) .
Green tea fermentation to produce the black tea dimerizes polyphenol compounds (catechins) present in green tea to a variety of theaflavins with different biological activities and effects (Chacko et al., 2010) . The antioxidant activity of the catechins has been attributed to its power to prevent cytotoxicity its chelating action of transition metals, such as iron and copper, thereby preventing the formation of reactive oxygen species and inhibiting lipid Fig. 3 . Ischemia-reperfusion impairs social recognition memory (social recognition index). Supplementation with white, green and red tea prevents the memory deficits. Black tea was unable to reverse memory deficits caused by ischemia-reperfusion. Isch: Ischemia; Isch White: White tea þ ischemia; Isch Green: Green tea þ ischemia; Isch Red: Red tea þ ischemia; Isch þ Black: Black tea þ ischemia. peroxidation (Soares et al., 2013; Wu et al., 2012; Weinreb et al., 2004) . We found higher content of epigallocatechin (EGC) and epigallocatechin gallate (EGCG) in green tea. The chemical structures contributing to the effective antioxidant activity of green tea include the vicinal dihydroxy or trihydroxy that can chelate metal ions and prevent the free radical generation (Lambert and Elias, 2010) . The chelating activity is one among several factors that may account for the antioxidant activity of polyphenols and the potential of these compounds to inhibit lipid peroxidation in biological models might rely more on their free radical scavenging capacity than iron chelating activity (Morel et al., 1994; Carloni et al., 2013) .
In general, tea polyphenols have potent scavenger action related to free radicals, but EGCG seems to be more effective than other catechins in this action (Salah et al., 1995; Nanjo et al., 1996; Morel et al., 1999) . Specifically, EGCG can reduce ROS levels and cellular death, decrease lipid peroxidation, and elevate levels of antioxidants (enzymatic and non-enzymatic) (Srividhya et al., 2009; Anandhan et al., 2012a Anandhan et al., , 2012b . Additionally, tea compounds can act in the mitochondria by their antioxidant actions, but also indirectly by other signaling pathways (see Dutta & Mohanakumar, 2015) , keeping mitochondrial integrity (Ng et al., 2012) though restoration of cytochrome c, increase of tricarboxylic acid (TCA) cycle enzymes and respiratory chain complexes activity, and prevention of alterations on mitochondrial membrane potential (Srividhya et al., 2009; Weinreb et al., 2004) .
Antioxidants activity protect against brain ischemic oxidative stress promoting excitotoxicity, neuronal injury and degeneration. In this sense, using in-vitro techniques, Gasparova et al. (2014) reported that antioxidants improve functional recovery and avoid long-term potentiation (LTP) disruption. LTP is the most expressive electrophysiological event related to learning and memory . Considering green tea catechins, it was previous shown that catechins can promote neurogenesis, neuronal survival, and differentiation in in vitro and in vivo studies, and are related to neuroplasticity, which was observed in parallel to increases in fosfo Akt levels (Ortiz-L opez et al., 2016; Zhang et al., 2016b) .
Even if the teas reach the brain in small quantities, there are several possible targets and signaling pathways by that they can act (Assuncao and Andrade, 2015) . Although the antioxidant properties of Camellia Sinensis teas were the only one addressed in our study, it is important to consider that the teas may have other mechanisms of action to promote neuroprotection. In addition to the antioxidant and free radical scavenging effects, we cite the modulation of apoptosis and neuroplasticity, attenuation of inflammatory response, and anti-aggregation effect (Sutherland et al., 2016; Dutta & Mohanakumar, 2015; Ortiz-L opez et al., 2016) . It is known that an inflammatory response is initiated after ischemia. EGCG is able to induce down-regulation of a pro-inflammatory cytokine (TNF-a) and can therefore inhibit microglial activation (Anandhan et al., 2013; Cai et al., 2014) . The theaflavin present in black tea also can induce decrease in expression of pro-inflammatory cytokines and anti-apoptotic molecules (Anandhan et al., 2013) . It is also important to highlight that green tea has other important bioactive chemical compounds besides flavonoids and, specifically, catechins (Weinreb et al., 2004) . One example is the caffeine, which was previously reported as a neuroprotective agent in different models of CNS injury (Bagga and Patel, 2016; Endesfelder et al., 2017) , most likely due to interactions with acetylcholinesterase, monoanimes, ryanodine receptors, and others (Pohanka, 2015) .
Our study has inherent limitations. It is important to consider that behavioral tests were conducted sequentially, and we cannot assume that there is no difference in effects of ischemic stroke in CNS in short-term (2 days) vs. Long-term (13 days) memory; we tested object recognition memory previously to social recognition memory, for example. In hemorrhagic stroke a spontaneous recovery can be observed along the time (Lu et al., 2015) , but we did not find substantial evidences about it regarding the ischemic stroke model used here.
In conclusion, green and red teas prevent deficits in object and social recognition memories, but only green tea protects against deficits in spatial memory and also avoids hippocampal oxidative status and brain morphological alterations induced by stroke. Therefore, green tea shows better neuroprotection in ischemiareperfusion than the other teas.
and in the 5 days test (test day 5). D. Percentage of time spent in the target quadrant 24 h test (test day 1) and in the 5 days test (test day 5). A: A lower latency to find the platform was observed along the days in sham group (P < 0.001). Ischemia impaired spatial learning (P ¼ 0.46) and tea supplementation avoided spatial impairment (P < 0.001 for white tea; P < 0.001 for green tea; P ¼ 0.02 for red tea; P < 0.001 for black tea); Repeated measurements ANOVA. B to D: *P < 0.05, Sham vs. Ischemic stroke group; # P < 0.05, Ischemia vs. Green tea þ Ischemic stroke group; ANOVA followed by Tukey post hoc test (n ¼ 8e10); & P < 0.01, one-sample t-test (Theoretical mean ¼ 25%; n ¼ 8e10/group). Isch: Ischemia; Isch WT: White tea þ ischemia; Isch GT: Green tea þ ischemia; Isch RT: Red tea þ ischemia; Isch þ BT: Black tea þ ischemia. Ischemia supplemented with specific tea group; Kruskall-Wallis following by Dunn's post hoc (n ¼ 5e7/group). Isch: Ischemia; Isch WT: White tea þ ischemia; Isch GT: Green tea þ ischemia; Isch RT: Red tea þ ischemia; Isch þ BT: Black tea þ ischemia.
